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SUBJECT: Planetary Spacecraft Weight paTE: September 27, 1967
Estimates - Case 233

fROM: D. Macchia

MEMORANDUM FOR FILE

CONTENT

This memorandum estimates typical planetary spacecraft
welights after departure from earth orbit. A 700 day mission,
which is representative of numerous flyby and capture missions
to Mars and/or Venus is assumed. The spacecraft is comprised of
life support, power, mission equipment, structure, earth return
capsule, payload, midcourse and attitude control propulsion.
(Major propulsion stages are cxcluded.) Subsystem welghls vary
with crew size and also mission time to account for spares,
redundancy, and expendables.

A baseline weight estimate of a Mars flyby mission
(through the asteroid belt) 1s summarized on Table I and Figure 1.
This baseline S/C is bracketed by minimum and maximum S/C weight
estimates (Table II) which are a function of free volume, radiation
shielding, meteoroid shielding, power and payload requirements,
and the particular choice of subsystems. The weight of the
mission module which includes everything except propulsion,
payload, and the earth entry module is also indicated on Figure 1.

The various detailed weight estimates (see Appendix) are
based on data from numerous sources which are given in the
reference 1ist and Bellcomm studies.¥® Only those data which are
believed to be reliable .and realistic were used. Gross weight
estimates, without detailed breakdowns or explanation were
disregarded. It is noted that the weight of payload, which
accounts for a significant portion of the 3/C weight, is based
on assumptions by the author. However, the total payload re-
sulting is in approximate agreement with various contractor and
Bellcomm studies. The payload weight should probably be increased
for dual and triple planet flyby missions.

DISCUSSION
As indicated in Table II, the major contributions to

S/C weight, excluding propulsion, are 1life support, payload, and
the earth return module. The mission module structure can also

¥Unpublished work of C. E. Johnson on meteoroid pro-
tection and mission module structure is reflected in this paper.
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become heavy 1f it must operate through the asteroid belt or in

a worst case radiation environment. Significant weight savings
can be made in the life support area by using efficient means of
O2 storage (or even Op recovery from COs) and also by attempting
to minimize cabin atmospheric leakage. As an example, the weight
penalty for Op recovery is about 250-300 1b/man as opposed to
1540 1b/man for subcritical cryo storage or 3500 1b/man for
gaseous 0Op storage. Weight can also be trimmed from the payload
by accepting a less ambitious mission.

Fach additional crewman increases the baseline mission
module and spacecraft by 7000 and 16000 lbs.respectively for
optimized designs. However, it is not likely that spacecraft
willl be optimized for varying mission crew sizes. Figure 2
illustrates the penalties for using S/C of greater crew capacity.
As an example, a 6 man S/C for a 4 man mission weighs 129,000
lbs. which compares with 110,000 1bs. for the optimized S/C.

It is noted that the total S/C and mission module
weights are much lower than previous estimates. This is due to
elimination of arbitrary conftingency factors and the use of
achievable rather than conservative individual system weight
estimates. Although specific estimates may well be subject to
much criticism, 1t 1s believed that this memorandum gives a
useful indication of the influence of crew size on 3/C weight
for a consistent set of assumptions. Since S/C weight has major
impact on launch vehicles, facilities, cost, etc., and eventually
mission acceptablility it is evident that a thorough examination
of all system weights is required.

F CbCCfdxﬁ\
1013-DM-nmm D. Macchia
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References 1 - 10
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S/C WT
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GROSS WEIGHT

APPENDIX

e HEAT SHIELD FRACTION TAKEN AS .5 (EEM WT.

LESS HEAT SHIELD)

e GEMINI & MERCURY HEAT SHIELDS SCALED UP

TO 47,000 FPS

16,000
W ~ 3400 N
| e ___ APOLLO
12,000 (REF. 4)
APOLLO
(REF. 9)
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